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Abstract-Reforestation of former bottomland hardwood forests that have been cleared
for agriculture (i.e., afforestation) has historically emphasized planting heavy-seeded oaks
(Quercus  spp.) and pecans (Carya  spp.). These species are slow to develop vertical forest
structure. However, vertical forest structure is key to colonization of afforested sites by
forest birds. Although early-successional tree species often enhance vertical structure,
few of these species invade afforested sites that are distant from seed sources. Further-
more, many land mangers are reluctant to establish and maintain stands of fast-growing
plantation trees. Therefore, on 40 afforested bottomland sites, we supplemented heavy-
seeded seedlings with 8 patches of fast-growing trees: 4 patches of 12 eastern cotton-
wood (fopulus  deltoides)  stem cuttings and 4 patches of 12 American sycamore (Platanus
occidentalis)  seedlings. To enhance survival and growth, tree patches were subjected to 4
weed control treatments: (1) physical weed barriers, (2) chemical herbicide, (3) both
physical and chemical weed control, or (4) no weed control. Overall, first-year survival of
cottonwood and sycamore was 25 percent and 47 percent, respectively. Second-year
survival of extant trees was 52 percent for cottonwood and 77 percent for sycamore.
Physical weed barriers increased survival of cottonwoods to 30 percent versus 18 percent
survival with no weed control. Similarly, sycamore survival was increased from 49 percent
without weed control to 64 percent with physical weed barriers. Chemical weed control
adversely impacted sycamore and reduced survival to 35 percent. Tree heights did not
differ between species or among weed control treatments. Girdling of trees by deer often
destroyed saplings. Thus, little increase in vertical structure was detected between
growing seasons. Application of fertilizer and protection via tree shelters did not improve
survival or vertical development of sycamore or cottonwood.

INTRODUCTION
Throughout the world, and specifically within the
sou theas te rn  Un i ted  S ta tes ,  fo res ted  we t lands  have  been
lost (Turner and others 1981, Noss and others 1995).
Within the Mississippi River floodplain, over 7 million ha of
bo t tomland hardwood fo res t  have been los t  (Knutson and
Klaas 1998, Twedt and Loesch 1999). Most of this land is
now used for agriculture, but continued intermittent flooding
and unfavorab le  agr icu l tu ra l  p r ices  o f ten  resu l t  in  marg ina l
profitability. The uncertainty of financial return and
concur ren t  env i ronmenta l  concerns  assoc ia ted  w i th  the
loss  o f  fo res ted  we t lands  have  p rompted  conserva t ion
initiatives to reverse the loss of forested wetlands
throughout the United States and particularly within the
Mississippi Valley (Lower Mississippi Valley Joint Venture
Management  Board  1990,  Creasman and o thers  1992,
Muel le r  and o thers  2000) .  Spur red by  both  economic
cons idera t ions  and inc reased awareness  o f  the  eco log ica l
and societal benefits afforded by forested wetlands,
>180,000  ha currently in agricultural production are
anticipated to be afforested within the Mississippi Alluvial
Valley by 2005 (Stanturf and others 1998).

The eco logy  o f  bo t tomland  hardwood fo res ts  revea ls
succ inc t  success iona l  p rogress ions  in f luenced  by  so i l  and
hydro logy  (Hodges 1997)  and h igh  spec ies  d ivers i ty  (A l len
1997). Despite the temporal and taxonomic diversity within

bo t tomland  hardwood  fo res ts ,  a f fo res ta t ion  o f  bo t tomland
sites on public lands and on private lands, through forest
easements ,  has  h is to r i ca l l y  emphas ized  p lan t ing
seed l ings  o f  heavy-seeded hardwood spec ies  such as
oaks (Quercus spp.) and pecans (Carya  spp.) or sowing
seeds  (acorns )  o f  these  spec ies .  Indeed ,  oaks  and  sweet
pecan (Carya  illinoensis)  have been planted on nearly 80
percent of all afforestation in the Mississippi Alluvial Valley
(King and Keeland  1999).

P lan t ing  p redominant ly  oaks  in  bo t tomland res to ra t ions  i s
intended to provide a “jump-start” for succession toward
seasona l l y  wet  oak-hardwood fo res ts  (Kennedy  and
Nowack i  1997)  tha t  have  oaks  as  dominan t  canopy
spec ies .  Th is  spec ies  se lec t ion  has  been  jus t i f i ed
because of high value of subsequent timber harvest,
potential mast production for wildlife food, and an
assumpt ion  tha t  l i gh t -seeded spec ies  wou ld  na tu ra l l y
colonize these afforested sites. However, sites planted with
only heavy-seeded species are slow to develop vertical
forest structure, often requiring 7 to IO years to emerge
f rom the  compet ing  herbaceous  vege ta t ion .  Ver t i ca l  fo res t
structure is a key predictor of colonization by forest
breeding birds (Twedt and Portwood  1997, Wilson and
Twedt In Press).
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Figure l-Location of afforested study sites in which we provided
supplemental patches of fast-growing trees to enhance habitat for
forest birds.

When distance from existing seed sources (i.e., mature
trees) is ~100  m, woody species (both light- and heavy-
seeded)  are  ins ign i f i cant  invaders  (A l len  1990,  Wi lson and
Twedt In Press). This is particularly true in some areas of
the Mississippi Alluvial Valley where afforestation occurs
several km from extant forests and in areas no longer
subject to periodic inundation from flood events that
transport seeds. Lack of naturally invading early-
success iona l  t ree  spec ies  fu r the r  res t r i c t s  the  deve lopment
of vertical forest structure. Under these time and distance
cons t ra in t s ,  a f fo res ted  s i t es  may  rema in  i nhosp i tab le  to
colonizing forest avifauna for up to 20 years.

A further limitation on the rapid growth of trees on
afforested sites is that typically no weed control is provided
for these plantings. The lack of weed suppression, or any
o ther  in te rmed ia te  s i l v i cu l tu ra l  management ,  has  been
at t r ibu ted  to  l im i ted  f inanc ia l  and  personne l  resources .
However ,  subs tan t i a l  compe t i t i on  f rom weeds  may  i nduce
significant mortality of some species of fast-growing trees
(Ezell 1994). Given their inability to provide weed control,
managers are reluctant to risk increased tree mortality by
p lan t ing  suscep t ib le  spec ies .

Regard less  o f  wh ich  t ree  spec ies  a re  p lan ted ,  spec ies
must  be  compat ib le  w i th  on-s i te  edaph ic  and  hydro log ic
conditions. However, with species selections that match
site conditions, we believe that afforestation that
inco rpora tes  fas t -g row ing  t ree  spec ies  i s  more  conduc ive
than historical afforestation practices to colonization by
forest birds (Twedt and Pottwood 1997, Twedt and
Portwood, in press). Production of short-rotation woody
c rops , “under-planted” with other forest species, is one
agroforestry option that rapidly produces forest conditions.
Intercropping or alley cropping (i.e., growing agricultural
crops between tree rows) using wide (> 12 m) alleyways
represents  another  t rans i t iona l  agro fores t ry  management
option that is particularly suitable for converting large areas
of cropland  to forest. However, many land managers are
reluctant to adopt these progressive methods of
afforestation because of (1) an erroneous (in our opinion)
perception that the tree species commonly used in

agroforestry are not beneficial to wildlife, (2) continued
be l ie f  tha t  l i gh t -seeded spec ies  w i l l  na tu ra l l y  co lon ize
afforested sites, and (3) lack of resources to ensure
adequate weed control for newly established trees. As a
compromise step that could provide limited vertical
deve lopment  w i th in  s i tes  a f fo res ted  us ing  t rad i t i ona l
methods ,  we supp lemented  oak-domina ted  p lan t ings  on
bottomland sites with a series of systematically distributed
patches of fast-growing trees.

Through the addition of small patches (100 m*)  of eastern
co t tonwood  (Popuk~s  de l to ides)  and  Amer ican  sycamore
(flatanus  occident&s)  we sought to promote more rapid
development of vertical forest structure and more quickly
provide elevated sites for avian perches and nest
platforms. We predict that providing rapid vertical structure
for perching and breeding birds will increase the
recruitment of woody species that use birds as vectors for
seed d isseminat ion  and promote  more  rap id  co lon iza t ion
of afforested sites by forest birds.

Within this paper, we assess the survival and development
o f  supp lementa l  p lan ted  co t tonwood and  sycamore  a f te r
their first and second growing seasons. Additionally, we
assessed the effect of fertilization, four methods of weed
control applied at planting, and tree shelters on tree
surv iva l  and  deve lopment .

METHODS
Our study sites were agricultural fields, within the
Miss iss ipp i  Va l ley  and  ad jacen t  bo t toms,  schedu led  to  be
afforested during winter of 1997-98 or 1998-99. All study
s i tes  fo rmer l y  suppor ted  bo t tomland  hardwood  fo res ts .
Each site was planted predominately to oak following
traditional afforestation practices of the U.S. Fish and
Wi ld l i fe  Serv ice  and USDA Natura l  Resources
Conserva t ion  Serv ice .  However ,  because  res to ra t ion
ph i losoph ies  d i f fe red  among land managers  and because
of different soil and hydrology, additional species were
planted on some sites and included sweet pecan (Carya
illinoensis),  baldcypress (Taxodium distichuin),  persimmon
(D iospyros  v i rg in iana) ,  or  green ash (Frax inus
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Figure P-General distribution of 8 randomly assigned treatments (2
tree species x 4 weed control methods) applied to afforested study
sites to assess the effect of small patches of fast-growing trees
within oak dominated plantings.

pennsylvanica).  We planted supplemental tree patches on
a total of 40 sites (21 during 1998 and 19 during 1999;
figure 1). Sites were disked  or mowed before afforestation.

On all treated sites, we randomly applied different
treatments to 8 systematically distributed patches using a 2
x 4 factorial design (2 tree species x 4 weed control
methods). Our objective was to apply these treatments to
patches that were at least 50 m from field edges and
100 m apart (figure 2). However, restrictions imposed by
f ie ld  s i ze  and  d imens ions  o f ten  reduced  be tween pa tch
d is tance :  the  m in imum d is tance  be tween  pa tches  was
60 m.

Within each of the 8 treatment patches, we planted 12 trees
in a 3-tree  by 4-tree  grid (figure 2). Trees were 4m apart
within this planting grid. Eastern cottonwood was planted in
4 of the 8 patches whereas the other 4 patches were
p lan ted  w i th  Amer ican  sycamore .  These  spec ies  were
selected because they are often found on bottomland sites
dur ing  ear ly -success ion ,  and  because the i r  use  in
agroforestry within the Mississippi Alluvial Valley made
planting stock readily available. Planting stock was
obta ined  f rom commerc ia l  pu lpwood producers  (Crown
Vantage and Westvaco). We planted 30 centimeter (Crown

Vantage) and 45 centimeter (Westvaco) stem cuttings of
eastern  co t tonwood and 1  -year -o ld ,  bare- root  seed l ings
(Wes tvaco)  o f  Amer ican  sycamore .  Sycamore  seed l ings
were planted to the root collar as they were growing in the
seedbed.  All cottonwood stem cuttings planted on a site
were from the same source (Crown Vantage or Westvaco)
and were vertically inserted into the ground such that 1 to 3
inches  were  emergent  w i th  dormant  buds  fac ing  up .

Because survival of these fast-growing species is likely
enhanced when compet i t i on  f rom weeds  i s  reduced
(Krinard and Kennedy 1987),  we compared the effect of 4
different levels of weed protection. The 4 weed control
treatments were: (1) no weed control, (2) physical weed
bar r ie rs  us ing  commerc ia l l y  ava i lab le  wood f iber  mats  (RTI
Mu lch  Mats ,  Re fo res ta t ion  Techno log ies  In te rna t iona l )  o r
landscape fabric weed barriers (VisPore@  Tree Mats,
Treessen t ia ls  Company) ,  (3 )  s ing le  app l i ca t ion  chemica l
weed cont ro l  a t  p lan t ing  fo l low ing  prac t i ces  used and
recommended by  indust r ia l  pu lpwood producers ,  and (4)
combined  phys ica l  and  chemica l  weed con t ro l .

On 24 afforested sites (19 during 1997-98 and 5 during
1998-99)  we used both  wood f iber  and landscape fabr ic
weed barriers. Within the patches that received physical
weed control or both physical and chemical weed control
on these 24 sites, we protected one-half the trees (6 trees)
using wood fiber mats and the other half were protected
us ing  landscape fabr ic  bar r ie rs .  We used on ly  landscape
fabric barriers on the remaining 16 afforested sites.

Chemical weed control for cottonwood consisted of a
single spray at planting of a glyphosate contact herbicide
[Accord@] applied at a rate of 64 ounces/acre and a pre-
emergent herbicide [Goal 2XL@])  applied at a rate of 64
ounces /acre .  A  s im i la r  dua l  herb ic ide  t rea tment  was
app l ied  to  sycamore  pa tches  bu t  the  pre-emergent
herbicide was Oust@ applied at a rate of 4 ounces/acre.
Pre-emergent  herb ic ides  d i f fe red  be tween t rea tments
because o f  indus t ry  recommendat ions  and labe l
restrictions. Herbicides were applied only to the vicinity of
the planted patches and a small (- 4 m) buffer. This
application resulted in only about 0.1 ha per site treated
wi th  herb ic ide.

Because our objective was to achieve rapid vertical growth
of planted trees, we fertilized all supplemental trees on 23
randomly selected sites. On these sites, we buried a 10 g
fertilizer packet (18-6-6) or 10 g fertilizer tablet (20-I O-5)
adjacent to each planted tree.

Additionally, during 1998-99, we attempted to further
enhance growth and survival by placing l-m-tall (3-ft)
Super-tube@  tree shelters (Treessentials Company) around
2 trees within each supplemental patch of trees. The lower
edge of each tree shelter was below ground level and they
were held upright by 1.2 m tall bamboo stakes.

We assessed  surv iva l  and  deve lopment  o f  supp lementa l
trees after 1 and 2 growing seasons. During these
assessments, we classified each tree as alive or dead. For
each live tree, we measured basal diameter to the nearest
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Table l-Survival (percent), height (centimeters), and
basal diameter (millimeters) of American sycamore
(Platanus occidentalis) and eastern cottonwood (Populus
deltoides) planted in supplemental patches on afforested
bottomlands during 1998-1999 and 1999-2000

Survival or size Cot tonwood Sycamore

1”’  Year Survival 24.8 r 4.6 47.0 ir  4.7
1 Sf  Year Height 83.0 + 2.4 74.7 + 1 .I
1”’  Year  Basa l  D iameter 14.4 + 0.3 11.7 +  0.1
2nd  Year Survival of trees

alive after 1 year 52.0 A 6.8 76.9 +-  4.4
2nd  Year Height 112.7 c 3.3 109.2 + 1.6
2nd  Year Basal Diameter 21.8 + 0.5 16.9 + 0.3
Survival of re-planted trees 9.1 c 2.6 35.8 A 5.8
Survival of all trees

after 2 growing seasons 19.0 &  4.0 44.3 2 5.3

millimeter and tree height (highest live bud) to the nearest
cen t ime te r .

We rep lan ted  t ree  mor ta l i t i es  us ing  sub jec t i ve  c r i te r ia
within which we attempted to ensure >I live tree within
each supp lementa l  pa tch  w i th in  the  l im i ta t ions  o f  ava i lab le
planting stock. Survival of replanted trees was assessed
after I year (i.e., after the second growing season for the
or ig ina l  p lan t ings)  bu t  da ta  were  main ta ined separa te  f rom
data on our  or ig ina l  p lant ings.

ANALYSIS
Mean percent tree survival, mean tree height, and mean
basa l  d iameter  were  compared be tween fe r t i l i ze r
t rea tments  and  among the  8  spec ies -weed con t ro l
treatments using a split plot analysis of variance (ANOVA).
The 40 planted fields were the experimental units for
compar ing  fe r t i l i ze r  t rea tments  (WHOLE PLOTS)  whereas
the 8 patches of supplemental trees (SPLIT PLOTS) within
each field were the experimental units for comparing
spec ies  and  weed  t rea tments  (2  spec ies  x  4  weed

treatments x 40 sites = 320 experimental units). Individual
t rees  w i th in  each  p lan ted  pa tch  were  sub-sample  un i t s
w i th in  these  exper imenta l  un i t s .  Thus  mean he igh t ,  mean
diameter, and proportion of trees surviving within each
patch were the statistics compared. We applied an angular
t rans fo rmat ion  to  p ropor t ion  da ta  be fo re  sub jec t ing  to
ANOVA.

We wrote specific contrast statements within the context of
the ANOVA to compare between tree species and among
the weed control treatments within each tree species. We
assessed the effect of weed control treatments within each
of the 2 tree species by writing contrast statements to
compare (1) no weed control vs. the mean of the 3 weed
control treatments and (2) chemical weed control vs.
phys ica l  weed bar r ie rs .  Add i t iona l  con t ras ts  were  made
based  on  the  resu l t s  o f  these  compar i sons .

We used separa te  ana lyses  to  compare  weed bar r ie r  t ypes
and tree shelters. To compare weed barrier types we used
only data from the 96 patches where we applied both
landscape fabr ic  weed bar r ie rs  and  wood f iber  mu lch
mats. Similarly, we used data only from sites where tree
shelters were deployed to compare survival and height of
trees with and without shelters. Because survival data were
categorical, and because the few trees treated within any
individual patch (6 trees for barriers, 2 trees for shelters)
made computa t ion  o f  p ropor t ion  surv iva l  es t imates
unre l iab le ,  we used log is t i c  regress ion  to  compare  surv iva l
be tween weed bar r ie r  t ypes  and be tween t ree  she l te r
treatments. Thus, we assumed weed barrier types and tree
she l te rs  were  randomly  ass igned to  ind iv idua l  t rees .
However ,  we compared  t ree  he igh ts  be tween weed bar r ie r
types and between tree shelter treatments using ANOVA
wherein barrier type and shelter treatment were SPLIT plots
w i th in  each  spec ies -weed con t ro l  t rea tment  pa tch .

RESULTS
After two growing seasons, the mean number of surviving
supp lementa l  t rees  o f  the  96 or ig ina l ly  p lan ted was
26.6 +  3.6 per site. Five sites had no surviving trees and five
add i t iona l  s i tes  had ~10  l i ve  t rees .  The  max imum number
of surviving trees on any site was 81. Two sites were

Table 2-Mean survival (percent), tree height (centimeters), and basal diameter
(millimeters) of eastern cottonwood (Populus deltoides)  subjected to no weed
control (None), physical weed barriers (Physical), herbicide treatment of Accord
and Goal 2XL (Chemical), or a combination of physical weed barrier and herbicide
(Both) treatments when planted in supplemental patches on afforested bottom-
lands during 1998-1999 and 1999-2000. Second year survival is with respect to
those trees that were alive after one growing season. Height and basal diameter
are of live trees

Survival or Size None Phys ica l Chemica l B o t h

1”’ Year Surv iva l 17.5 f 4 . 5 29.6 + 5 . 5 26.5 rt 4 . 8 2 5 . 6 + 4 . 9
1”’ Year Height 66.5 + 9 . 2 75.4 rt 8 . 0 71.2 zt 9 . 0 7 9 . 9 + 8 . 8
1”’ Year Basa l  D iameter 12.2 + 1.4 13.6+ 1.3 12.6 f 1.5 1 3 . 7 + 1.2
2nd Year Surv iva l 47.8 + 10.3 64.5 i 8 . 4 53.9 + 8 . 4 5 4 . 4 + 7 . 4
2nd Year Height 81.7+ 1 2 . 9 85.0 + 10.2 94.8 + 10.5 1 0 3 . 2 -c 14.2
2nd Year Basa l  D iameter 18.2 + 1.6 18.2 A 1.3 18.5~ 1.3 2 0 . 8 + 1.5

361



Table 3-Mean survival (percent), tree height (centimeters), and basal
diameter (millimeters) of American sycamore (Ratanus occidentalis)  sub-
jected to no weed control (None), physical weed barriers (Physical), herbicide
treatment of Accord and Goal 2XL (Chemical), or a combination of physical
weed barrier and herbicide (Both) treatments when planted in supplemental
patches on afforested bottomlands during 1998-1999 and 1999-2000. Second
year survival is with respect to those trees that were alive after one growing
season. Height and basal diameter are of live trees.

Survival or size None Phys ica l Chemica l B o t h

I*’  Year Survival 4 8 . 8 + 6 . 4 64.2 f 6 . 0 3 4 . 8 + 5 . 6 4 0 . 2 rt 5 . 4
1’  Year Height 6 9 . 2 + 4 . 1 76.9 c 4 . 4 6 2 . 3 c 6 . 4 5 9 . 4 + 3 . 9
l*’  Year  Basa l  D iameter 9 . 9 + 0 . 4 12.0 + 0 . 4 1 0 . 5 rt 0 . 8 11.3 + 0 . 5

2nd  Year Survival 7 6 . 7 c 6 . 6 87.7 c 3 . 8 5 7 . 2 i 8 . 3 7 8 . 7 + 5 . 9
2nd  Year Height 9 4 . 3 zt 8 . 0 108.9It 7 . 1 9 1 . 4 rt 8 . 1 9 8 . 0 c 4 . 9
2”d  Year Basal Diameter 13.8 c 0 . 9 17.1 It 1.0 1 4 . 5 t 1.2 1 5 . 6 iz 0 . 9

considered complete failures after the first year and were
not  rev is i ted  a f te r  the  second growing  season.

Fertilizer
Application of fertilizer did not effect tree survival
(F,,,= 2.01, P =0.16),  tree height (F,,38=  1.01, P = 0.32),  or
tree basal diameter (F,  38= 1.84, P = 0.18) after the first
growing season. This effect of fertilizer application was
consistent among the 8 factorial treatments with regard to
tree survival (F, 266= 0.77, P = 0.61),  tree height
i;.  214 = 1.02, P ‘=  0.42),  and tree basal diameter

,, 2,4  = 1.64, P = 0.13). The mean proportion of surviving
trees after the first growing season was 0.43 + 0.02
(x rt SE) when unfertilized and 0.31 r 0.02 when fertilized.
Tree height, however, was 60.9 rt 3.3 centimeter without
fertilizer and 70.3 +  2.9 centimeter with fertilizer. Similarly,
tree basal diameter was 10.6 rt 0.5 millimeter without
fertilizer and 12.0 f 0.5 with fertilizer. Although not
statistically significant, the greater height and basal
diameter of fertilized trees suggested that fertilization was
having a biological effect. If so, this effect was not
accentua ted  dur ing  the  second growing  season.  Ne i ther
tree height (F, ,5, = 0.58, P = 0.45) nor tree basal diameter
U= , ,5,  = 0.01, p = 0.93) differed between fertilizer treatments
aft&  2  g row ing  seasons .

Tree Species
We found significant differences in survival between tree
species (F, 266  = 62.7, P < 0.01) with 0.47 + 0.05 American
sycamore dnd  0.25 + 0.05 eastern cottonwood surviving
after the first growing season (table 1). Of the trees that
survived the first growing season, 0.77 + 0.04 of the
sycamore  remained a l i ve  a f te r  2  g rowing  seasons
whereas only 0.52 -t 0.07 of the cottonwood survived the
second growing season ( tab le  1) .  Surv iva l  o f  331 rep lan ted
sycamores (0.36 f 0.06) was markedly greater than
survival of 587 replanted cottonwoods (0.09 + 0.03) (table
1). After two growing seasons, a total of 741 sycamores
and 323 co t tonwoods remained a l i ve  w i th in  supp lementa l
pa t ches .

Despite differences in survival between tree species, mean
tree height did not differ between species after either the
first (F ,,,63=  0.08, P = 0.78) or second (F, ,5,  = 3.70,
P = 0.06) growing season (table 1). However, cottonwood
had greater basal diameters than did sycamore after the
first (F ,,,63=  3.96, P = 0.03) and second (F, ,5,=  15.90,
P < 0.01) growing seasons (table 1). Mean’tree heights
increased for both species between the first and second
grow ing  seasons  ( tab le  1 ) .  However ,  the  max imum t ree
height attained by any tree of 3.0 meters after 1 growing
season d id  no t  inc rease  a f te r  the  second growing  season
(3.0 meters).

Weed Control Treatments
Weed control near cottonwood (table 2) had a positive

effect on their first year survival (F, 266=  6.57, P = 0.01) but
did not effect mean tree height (F,,‘,63=  2.40, P = 0.12) or
mean basal diameter (F, ,63=  0.99, P = 0.32). Similarly,
second year survival of cbttonwood  (table 2) was greater
with weed control then without weed control (F, 266=  5.12,
P = 0.02) but weed control did not influence sedond year
height (F,  ,5,  = 0.76, P = 0.39) or diameter (F, ,5,  = 0.33,
P = 0.56): Physical and chemical weed contr&l  afforded
similar survival to cottonwood (F, 266=  0.58, P = 0.45) and
resulted in similar heights (F,  ,63=  0.32, P = 0.57) and
basa l  d iamete rs  (F ,  ,63= 0.39,’ P = 0.53). Further, we
detected no synergistic effect of the combination of
chemical and physical weed protection on first year survival
F ,,266=  0.23, P = 0.63).

For sycamore, the mean survival of patches with weed
control (table 3) did not differ from survival of untreated
controls after the first growing season (F, 266=  0.35,
P = 0.55) nor after the second growing season
F ,,266=  0.01, P = 0.91). However, this apparent lack of
benefit from weed control was the indirect result of extreme
d i f fe rences  in  surv iva l  be tween phys ica l  weed bar r ie rs  and
chemical weed control ((F,,,,,=  27.03, P <: 0.01). Indeed,
t rea tments  tha t  emp loyed  chemica l  weed  con t ro l  on
sycamore significantly increased tree mortality over
treatments where no herbicide was used (F, 266=  22.69,
P < 0.01). In contrast, physical weed barriers’ increased tree
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survival compared to untreated controls (F, 266=  6.97,
P < 0.01).

For surviving sycamore, neither height (F,, ,63=  0.06,
P = 0.80) nor basal diameter (F, ,63=  3.39, P = 0.07)
differed between the mean of ali weed control treatments
and the untreated control (table 3). However, in addition to
l im i t ing  surv iva l ,  chemica l  weed cont ro l  reduced t ree  he igh t
( tab le  3 )  compared  w i th  pa tches  o f  sycamore  where  no
chemica l  was app l ied .

Weed Barrier Type
Tree survival was similar (x2 = 0.34, P = 0.56) for trees
protected by wood fiber mulch mats (44 percent) and for
t rees  p ro tec ted  by  landscape fabr ic  weed bar r ie rs  (42
percent). Similarly, mean tree height did not differ
(F,,54=  0.73, P = 0.40) between trees protected with wood
fiber mats (68.3 t 3.5 centimeters) and those protected by
landscape fabr ic  bar r ie rs  (67 .5  + 3 .9  cen t ime te rs ) .

Tree Shelters
Unexpectedly, survival of trees protected with tree shelters
was significantly decreased (x2  = 105.55, P < 0.01) by the
addition of tree shelters. Only 26 percent of trees in
shelters survived compared to 33 percent of trees that were
not protected. Moreover, for those trees that did survive the
first growing season, protection within tree shelters did not
result in a significant increase in height over unprotected
trees (F, 48= 0.31, P = 0.57). After one growing season, the
mean height of trees protected by shelters was 85.8 it 5.8
cen t imeters  whereas  mean he igh t  o f  unpro tec ted  t rees
was 76.6 i: 4.1 centimeters.

DISCUSSION
Drought  cond i t ions  preva i led  dur ing  the  growing season o f
the 3 years of this study. Long-term average rainfall for
April-September in the Mississippi Alluvial Valley at Baton
Rouge, LA is 82 centimeters. During our study, rainfall for
this 6-month period was 58, 59, and 43 centimeters in
1998, 1999, and 2000, respectively. Physical weed barriers
not only limited competition with weeds for moisture but
a lso  he lped to  reduce mois tu re  loss  to  the  a tmosphere .
However, even with weed protection, survival of
supp lementa l  t rees ,  espec ia l l y  co t tonwood was  be low our
expec ta t i ons .

On sites where survival was adequate, vertical
development of both species did meet our expectations. In
particular, cottonwood on several sites approached 3 m (IO
ft) in height after the first growing season. Unfortunately,
these were generally the only vertical substrates within
these fields and thus, they were used extensively by white-
tailed deer (Odocolyis  virginiana) for browsing and more
detrimentally as rubs for their antlers. Rubbing against
these  sap l ings  invar iab ly  removed the  cambium and
thereby girdled the trees. Thus, during the next year, shoots
developed from below the girdled area (usually about 1
meter from the ground). In addition to starting re-growth far
be low the  prev ious  te rmina l  bud,  g i rd l ing  produced mul t ip le
competing stems. Because multiple stems compete for
resources, vertical development of any single stem was
reduced. Thus, our expectation of greatly increased vertical

deve lopment  dur ing  the  second growing season was not
real ized.

Because sycamores  tended to  be  smal le r  and  deve loped
many more  la te ra l  b ranches  dur ing  the i r  f i r s t  g rowing
season, deer rubbing of sycamore was not a significant
problem after the first growing season. However, after 2
g row ing  seasons ,  sycamores  were  incur r ing  the  same
damage f rom deer  rubb ing  tha t  co t tonwoods  p rev ious ly
received. Furthermore, it appears that girdling of stems by
deer will continue to be a recurring problem during tree
dormancy .

The effect of chemical weed control on sycamore survival
varied among sites but complete mortality of all trees and
herbaceous  vege ta t ion  w i th in  pa tches  t rea ted  w i th  Ous t
was  no t  uncommon.  We reca l ib ra ted  sp ray  equ ipment ,
verified application rate prior to planting, and took care to
avo id  spray ing  d i rec t ly  on  p lan ted seed l ings  dur ing  the
second year of our study but increased mortality of
sycamore  w i th in  t rea ted  pa tches  pers i s ted .  So i l  cond i t i ons ,
particularly soil PH, likely contributed to the excessive
mortality of sycamore associated with herbicide treatment.

Although we had hoped for greater survival of supplemental
trees, we believe that the ~10  trees that survived on 30 of
our 40 study sites will be adequate to assess the effect of
this technique on woody species diversity and avian
co lon iza t ion .  An  add i t i ona l  se t -back  was  the  sma l l  i nc rease
in vertical development after the first growing season.
However, surviving trees likely have established root
sys tems and  subs tan t ia l  i nc reased  g rowth  i s  l i ke ly  du r ing
the next 3 years. As we do not plan to evaluate woody
species diversity or bird response until 5 or 6 years after
establishment, this time frame should be sufficient to
provide supplemental trees that are well above the
herbaceous vegetation and much taller that the trees
p lan ted  v ia  t rad i t iona l  a f fo res ta t ion  methods .  Indeed,
observations by the author (DJT) indicate that
supp lementa l  pa tches  a re  obv ious  anomal ies  w i th in  these
otherw ise  homogeneous  f ie lds .  Add i t iona l l y ,  severa l  b i rd
nes ts ,  inc lud ing  a t  leas t  one  shrub  nes t ing  spec ies
(Orchard Oriole [Icferus  spurius]),  were built in
supp lementa l  t rees  dur ing  the i r  second growing season.
Therefore, we are hopeful that provision of these few
supp lementa l  pa tches  o f  fas t -g row ing  t rees  w i th in  the
context of large afforested sites will attract forest birds and
ultimately will yield a more species rich forest at maturity.

RECOMMENDATIONS
When ex tend ing  th is  concept  f rom research  to  opera t iona l
a f fo res ta t ion  p rac t i ce ,  we  recommend inc reas ing  the
number of species that are candidates for placement in
small patches. Additional species that could be planted in
supplemental patches include: honey locust (Gleditsia
triacanthos),  yellow poplar (Liriodendron  tulipifera),
sweetgum  (Liquidambar styraciflua),  or where non-native
species are acceptable, royal paulownia (faulownia
tomen tosa ) .  Because we p lan ted  eas te rn  co t tonwood and
American sycamore on all study sites, we made no attempt
to ensure tree species compatibility with soil type or
hydrology. However, planting only species that are
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compatible with site conditions should increase tree
survival.

To increase the likelihood that some trees will survive
within each supplemental patch, we recommend planting 2
or more tree species within each patch. Further, we
recommend prov id ing  p ro tec t ion  f rom weed compet i t i on
through use of weed barriers. Planting more than 12 trees
within a patch, for example 18 or 24 trees, increases the
probability that at least some of these trees will be
overlooked by deer and will exhibit substantial height
inc reases  be tween  years .
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